Peanut skin (PS) is characterized by almost exclusively consisting of polyphenols and fiber. We fractionated PS into a water-soluble fraction (WSF) and waterinsoluble fraction (WIF), and further fractionated WSF into a soluble dietary fiber fraction (DF) and dietary fiber-free, water-soluble fraction (DFF-WSF). Male Sprague-Dawley rats were fed on high-cholesterol diets supplemented with PS and its fractions. PS, WSF, and DFF-WSF decreased the serum lipid and cholesterol levels and increased those in feces. This effect was probably due to the polyphenols that inhibited intestinal cholesterol absorption.
Polyphenols occur ubiquitously in plant species and are recognized to be important for their pigmentation, reproduction, growth, and protection against pathogens. They are industrially used in food coloration and preservation, 1) and also in body modulation due to their antioxidative activity. 2) In addition, recent studies have revealed that some polyphenols elicited activity to regulate hypercholesteremia; tea catechins decreased the intestinal absorption of cholesterol in rats, 3) and grape seed tannins had an anti-hypercholesterolemic effect by enhancing the reverse transport of cholesterol and by reducing intestinal cholesterol absorption. 4) Peanut skin, produced as a waste in the food processing of peanuts (Arachis hypogea), has a high polyphenol content, 5) and is used to prevent and treat chronic haemorrhage and bronchitis in traditional Chinese medicine. 6) In this study, we measured the lipid and cholesterol levels in the serum and liver of rats fed on high-cholesterol diets with and without the peanut skin fractions for the purpose of investigating the antihypercholesterolemic effect of peanut skin.
Roasted peanut skins obtained from a commercial source were milled into a powder of peanut skin (PS). Approximately 100 g of PS consisted of 5.5 g of moisture, 13.9 g of protein, 15.4 g of lipid, 60.4 g of carbohydrate, 4.8 g of ash, and 44.9 g of dietary fiber. PS (100 g) was suspended in 1.5 liters of purified water, and the suspension was boiled for 30 min. The residue was separated from the supernatant by decantation, again suspended in 1.0 liter of purified water, and boiled for 30 min to obtain the second supernatant. This step was conducted 5 times. All the supernatants were pooled and concentrated in vacuo at 40 C, and lyophilized to produce a water-soluble fraction (WSF). The residue was air-dried to obtain a water-insoluble fraction (WIF). WSF was further treated with 75% ethanol at 5 C for 24 h to obtain supernatant 1 by centrifugation at 10,000 rpm for 10 min. The precipitate was treated with 78% ethanol (50 ml) to prepare supernatant 2 likewise. The precipitate was then treated with 95% ethanol (50 ml) and with acetone (50 ml) in this order to obtain supernatants 3 and 4, respectively. All these four supernatants were pooled, concentrated in vacuo, and lyophilized to produce a dietary fiber-free, water-soluble fraction (DFF-WSF). The precipitate was used as the dietary fiber fraction (DF). We obtained 18.8 g of WSF, 79.4 g of WIF, 16.6 g of DFF-WSF, and 2.2 g of DF from 100 g of PS.
Feeding tests were performed twice. Male SD rats aged 4 weeks were purchased from Clea Japan (Tokyo, Japan), and were acclimatized to the experimental conditions (temperature, 23 AE 1 C; relative humidity, 50 AE 10%; and light-dark cycle, 12 h interval) by preliminarily feeding a basal diet based on AIN-76. The rats were then divided into four groups (n ¼ 8 each) and fed for 3 weeks on each prepared diet. During feeding, the rats were allowed to take the diet and water ad libitum. After that, blood and liver samples were collected from anesthetized rats that had been deprived of food for 7 h. Feces were collected on the first and last 3 d of the experiment. In both the feeding tests, the amount of each fraction corresponding to 5% PS was calculated according to the yield and added to the diet at the expense of casein, sucrose, lard, or cellulose powder in equal amounts with protein, carbohydrate, lipid, or dietary fiber ( Table 1 ). The animal experiments were performed according to the guidelines established by the ethics committee of Tokyo University of Agriculture.
The serum concentrations of total cholesterol, HDLcholesterol, LDL-cholesterol, esterified cholesterol, triacylglycerol, and phospholipids were measured with an automatic analyzer, using a diagnostic kit for each. To analyze hepatic and fecal lipids, liver and feces were treated by the Folch method. 7) To extract the hepatic lipids, the largest lobe of the liver (1 g) was homogenized in a mixture of chloroform-methanol (2:1) with Polytron apparatus, and the homogenate placed in the dark overnight. After filtering the suspension, the filtrate was stored at À20 C until its use as an extract in y To whom correspondence should be addressed. Tel: +81-3-5477-2459; Fax: +81-3-5477-2626; E-mail: mura@nodai.ac.jp Abbreviations: PS, peanut skin; WSF, water-soluble fraction; WIF, water-insoluble fraction; DF, dietary fiber fraction; DFF-WSF, dietary fiber-free water-soluble fraction the assays described next. To extract the fecal lipid, dry feces (0.5 g each) were mixed with the same amount of chloroform-methanol and incubated at 45 C for 10 h. After the incubation, the suspension was filtered to obtain an extract for use in the subsequent assays. The hepatic and fecal levels of total lipids were measured by a conventional gravimetric method, the hepatic concentration of total cholesterol by the Zak-Henly method, 8) and the hepatic triacylglycerol and phospholipids levels by the glycerol-3-phosphate oxidase (GPO)-DAOS and choline oxidase-DAOS methods, respectively, using commercially available kits (Wako Pure Chemical Ind., Osaka, Japan). 9, 10) The fecal level of total cholesterol was measured with a commercially available kit, Determiner TC555 (Kyowa Medex Co., Tokyo, Japan). The fecal level of bile acid was measured with a commercially available kit from Wako Pure Chemical Ind. The significance of between-group differences was evaluated by Duncan's multiple-range test, after a oneway analysis of variance (ANOVA). Statistical analyses were performed with SPSS software. Each result is expressed as the mean AE standard error (SE).
We first performed a feeding test to investigate the possible hypocholesterolemic effect of peanut skin (PS) and its fractions, which were separated according to the difference in water solubility, on rats fed with the highcholesterol diets (feeding test 1). Over the 3-weekfeeding period, all the rats grew normally from ca. 120 g to ca. 290 g with no between-diet difference in terms of body weight. No drastic difference was apparent in the total food intake of each group, except for the total food intake of the WSF-fed group, which was slightly but significantly larger than that of the control group (data not shown).
The effects of PS and its fractions on serum and hepatic lipids in the rats are summarized in Table 2 . In respect of the serum, feeding with the PS-and WSFbased diets resulted in a significantly lower total lipid level, a similar result being obtained with the phospholipid level. On the other hand, the triacylglycerol level was increased by the PS diet, while it was significantly decreased by the WIF diet. In respect of the total, HDL-, LDL-and esterified cholesterol levels, feeding with the PS and WSF diets resulted in significantly lower values, while there was no such decrease in the group fed on the WIF-based diet. The decrease in cholesterol level observed with the PS-and WSF-based diets was most pronounced in LDL-cholesterol, then in esterified cholesterol, and least in HDL-cholesterol. Total cholesterol decreased to 59.1% in the PS-fed group and to 71.1% in the WSF-fed group in comparison with the control group. Such a decrease of total cholesterol was caused mainly by the drastic decrease of LDL-cholesterol, since it decreased to 50.6% in the PS-fed group and to 65.3% in the WSF-fed group. The decrease in HDL-cholesterol was relatively modest compared to that in LDL-cholesterol, being 74.9% in the PS-fed group and 83.3% in the WSF-fed group.
No clearly consistent trend was apparent in the liver ( Table 2) . The total lipid level tended to increase with the PS-based diet, while it decreased with the diets containing WSF. Feeding all the diets, especially the ones containing WIF, resulted in a significantly lower phospholipid level in the liver. The triacylglycerol and total cholesterol levels tended to increase in the PS and WSF groups, while these levels significantly decreased in the WIF group.
The amounts of total lipid, cholesterol, and bile acid excreted in the feces for the first and last 3 d of the feeding tests, together with the weight of dry feces, are summarized in Table 3 . Feeding with any one of PS, WSF and WIF caused the excretion of larger amounts of lipid in the feces. Feeding with the PS and WSF diets considerably increased the amounts of total cholesterol in the feces collected in the last 3 d during the feeding test, whereas the increase observed with the WIF-based diet was very small compared to the other diets. In terms of bile acid amount in the feces, no clear difference was apparent between groups, whereas a slight increase was observed in the WSF-based diet group and an obvious decrease in the WIF-based diet group in the last 3 d.
Since the first feeding test showed significant effects of PS and WSF to decrease the cholesterol and lipid levels in the serum, we further separated WSF into two fractions, DFF-WSF and DF, and performed the second animal feeding test (feeding test 2). All the rats grew normally from ca. 125 g to 290 g, and little difference in body weight and total food intake was apparent between diets (data not shown). In the serum, feeding with both the DFF-WSF-and DF-based diets resulted in a lower total lipid level, the decrease being much more marked in the DFF-WSF group (Table 2) . A similar result was obtained with the phospholipid levels. As can be seen in the result of the first feeding test, the triacylglycerol level slightly increased with the DFF-WSF group. As for the total, HDL-, LDL-and esterified cholesterol levels, feeding both with the DFF-WSF-and DF-based diets resulted in lower values, the decrease being more marked in the DFF-WSF group. Again, the decrease was most pronounced with LDL-cholesterol, and least with HDL-cholesterol. Total cholesterol decreased to 57.6% in the DFF-WSF group and to 79.6% in the DF group, in comparison with the control group. This decrease of total cholesterol was mainly caused by the decrease of LDL-cholesterol to 52.0% in the DFF-WSF group and to 76.0% in the DF group, while HDLcholesterol decreased to 70.6% in the DFF-WSF group and to 85.4% in the DF group. In the analysis of hepatic lipid and cholesterol levels, the DF-based diet resulted in a significantly high phospholipid level, and significantly low total lipid, triacylglycerol, and total cholesterol levels in the liver (Table 2) . No significant effect was observed in the DFF-WSF group.
As in the case of the first feeding test, feeding with the DFF-WSF-based diet caused the excretion of a larger amount of lipid into the feces in the last 3 d, but not in the first 3 d (Table 3) . In contrast, feeding with the DFbased diet caused the excretion of a larger amount of fecal lipid in the first 3 d, but not in the last 3 d. Feeding with both the DFF-WSF and DF-based diets increased the amounts of total cholesterol in the feces collected in both the first and last 3 d, this increase being more marked in the DFF-WSF group. No significant difference was observed between the groups with respect to the amount of bile acid in the feces.
It is understood that there is a strong correlation between the reduction in plasma cholesterol and the reduction in cardiovascular mortality. In respect of the cholesterol-lowering effect, the following mechanisms have been suggested: (i) blockage of bile acid and/or cholesterol absorption; (ii) inhibition of cholesterol synthesis; and (iii) stimulation of low-density lipoprotein receptor (LDL-R) transcription.
11) Our study revealed that peanut skin and some of its fractions, specially WSF and DFF-WSF, had a strong effect on reducing the serum cholesterol level, had little effect on the hepatic cholesterol level, increased the total cholesterol amount in the feces. Similarly, they reduced the total lipid level in the serum, while showing no significant effect on the hepatic total lipid level, and also increased the total lipid level in the feces. DFF-WSF had a significant effect on reducing the cholesterol and lipid levels in the serum, comparable to that of PS and WSF, while WIF and DF had less effect on them. These results suggest that polyphenols included in the extract, and not fiber, would have had an anti-hypercholesterolemic effect by inhibiting the absorption of exogenous cholesterol and lipids in the small intestine. Considering that the fecal bile acid amount did not show any substantial change as a whole, it is likely that the liver-intestine circulation involving bile acids was little affected. The effect in our study to reduce the serum cholesterol level was more profound in the PS group than in the WSF group, implying the possibility that several components of PS exhibited the a multiplier effect. PS, WSF, and DFF-WSF slightly increased the serum triacylglycerol level. One of the reasons for such an increase may have been the 15.4% lipid contained in PS. In both the feeding tests, the effect of PS and its fractions was more intense in the last 3 d than in the first 3 d, suggesting that the intake for a longer term could be more effective. Although the hypocholesterolemic effect of PS has not been reported, it has been revealed that PS contained catechins and procyanidins, 12) those included in tea and grape seed being known to reduce the serum cholesterol level. 3, 4) A detailed analysis of PS is now in progress.
